When the clinical findings of aortic stenosis are present and a pressure gradient is demonstrated between the left ventricle and aorta, a discrete site of obstruction, generally amenable to surgical correction, has been assumed. The fallacy of this widely held concept is emphasized by the operative and hemnodynamic findings in 3 patients described.
IT HAS generally been assumed that the demonstration of a systolic pressure gradient between the left ventricle and the aorta always results from stenosis of the aortic valve, the presence of a localized ring of fibrous tissue immediately beneath the aortic annulus (congenital subaortic stenosis) or, rarely, from a constriction of the aorta itself a short distance above the valve.1' 2 These lesions are, in general, amenable to surgical correction and patients have been selected for operation on the basis of the magnitude of the pressure gradient across the stenotic orifiee. 3 We have recently studied 2 patients in whom significant pressure gradients were demonstrated preoperatively but in whom no anatomic site of outflow obstruction could be detected at the time of open-heart operation. A third patient is described in whom functional obstruction to left ventricular outflow was demonstrated and found to regress gradually after the complete division of a discrete subvalvular stenosis. The clinical and hemodynamic findings in these patients are summarized in the present report. CLINICAL SUMMARIES Case 1. E. Z., a 27-year-old white man was asymptomatic until the age of 16 when he began to have precordial pain with severe exertion. At the age of 20 a precordial murmur was noted in the course of a routine physical examination. At age 25 exertional dyspnea, orthopnea, and paroxysmal nocturnal dyspnea first appeared, peristed, and progressed in severity. Angina pectoris became From the Clinic of Surgery, National Heart Institute, Bethesda, Md. 181 more prominent and eventually disabling. In June 1957 he was studied by Drs. E. M. Nanson, L. Horlick, and J. E. Merriman at the University Hospital Saskatoon, Saskatchewan, where the clinical diagnosis of congenital aortic stenosis was made. Combined right and transbronchial left heart catheterizations demonstrated a normal cardiac index and a pulmonary artery pressure of 51/32 mm. Hg. In the course of left heart catheterization the catheter was passed into the aorta and upon being withdrawn traversed 2 zones of ventricular pressure. In the distal zone the pressure was essentially equal to the radial artery pressure but in the proximal one it exceeded the radial artery pressure by a mean systolic gradient of 95 mm. Hg. The left atrial and ventricular end-diastolic pressures were elevated to 20 mm. Hg. These findings were interpreted as indicative of the presence of subaortic stenosis.
In the ensuing year, the patient's symptoms progressed to some extent. He was admitted to the National Heart Institute in June 1958. There was no evidence of heart failure. The blood pressure was 120/70. The heart was enlarged and a prominent left ventricular lift was noted outside the midelavicular line. A faint, short systolic thrill at the apex was noted by only one of several examiners. No thrill was palpable at the base of the heart or in the carotid vessels. The rhythm was regular. The second heart sound was normally split with respiration. A grade IV holosystolic murmur was heard at the apex and along the left sternal border. A fainter, shorter ejection-type systolic murmur was heard at the base and radiated into the neck. A diastolic gallop and a short middiastolic murmur were present at the apex. The phonocardiogram is shown in figure 1 On the basis of the studies outlined, the diagnosis of congenital subaortic stenosis seemed substantiated and operation for its relief was recommended and carried out on June 19, 1958. The aorta was of normal size and a systolic thrill of moderate intensity was felt within it. The left atrium was enlarged and tense and upon digital exploration of the mitral valve, moderate mitral regurgitation was palpable. The mitral leaflets were not thickened and palpation within the left ventricular inflow tract did not reveal a site of obstruction. With cardiopulmonary bypass and elective cardiac arrest induced with potassium citrate, the ascending aorta was widely opened. The aortic valve was normal and the leaflets were thin and mobile. No subvalvular stenosis was seen and a finger could be passed to the apex of the left ventricle with ease. The left atrium was then reentered and a bimanual examination of the entire ventricle carried out. Its wall was considerably thickened but no obstruction could be found and palpating fingers from the aorta and atrium met in the ventricular cavity. The left ventricular endocardium did not appear or feel abnormal. Postoperatively the patient's course was uncomplicated.
Case 2. C. G., a 20-year-old man, was first admitted to the National Heart Institute in July 1957 with the symptom of progressive exertional dyspnea. He was apparently normal at birth and in the course of many examinations by the family physician before the age of 12, the family was never told of the presence of a murmur. At this time, during a routine school examination, a murmur was detected and he was seen by a cardiologist who made the clinical diagnosis of ventricular septal defect. He had always complained of mild exertional dyspnea and this became gradually more severe after age 15. At about 14 he began to experience squeezing chest pain on exertion and lie found it necessary to limit physical activity. He had had several attacks of vertigo but no true syncope.
Physical examination was normal except for the heart. The blood pressure was 110/70. The heart was enlarged with the apical impulse in the fifth intercostal space just within the anterior axillary line. There was a prominent left ventricular lift as well as a systolic thrill along the left sternal horder. No thrill w-as palpable to the right of the sternum or in the carotid vessels. The rhvthmi was regular and the second heart sound was louder in the aortie than in the pulmonic area. A harsh grade IV systolic ejection-type murmnur ( fig. 4 
DISCUSSION
In the patients described, the hemodynamic evidence of obstruction to left ventricular outflow is unequivocal; in the first 2 patients a systolic pressure difference between the left ventricle and aorta was demonstrated on 2 separate occasions and was definitely localized to an area within the ventricle. On the other hand, it is equally evident that none of the usual forms of aortic stenosis is present since the absence of discrete supravalvular, valvular, or subvalvular obstruction was clearly proved at open-heart operation. In these 2 patients it must, therefore, be concluded that the obstruction to ventricular outflow is of such a nature that it is only operative in the contracting heart and was not apparent during the diastolic paralysis induced by potassium citrate. These features can only be explained by muscular hypertrophy of the left outflow tract of sufficient severity that flow is actually impeded during contraction. The development of similar secondary obstruction to left ventricular outflow was described by Brock.12 He noted in certain patients with valvular aortic stenosis that even though a satisfactory valvular opening was apparently accomplished, a pressure gradient persisted after operation. This phenomenon was attributed by him to the occurrence of a muscular subvalvular stenosis in the grossly hypertrophied left ventricular outflow tract. Proof of the validity of this hypothesis is afforded by the catheterization data obtained in the third patient described in the present report. A substantial gradient was proved to persist after the anatomic obstruction had been abolished. It seems clear that this gradient was due to functional aortic stenosis since, with the gradual regression of the hypertrophy of the ventricle and without further mechanical intervention, it disappeared completely ( fig. 9 ).
Another etiology of left ventricular hypertrophy resulting in functional aortic stenosis is systemic arterial hypertension. In 1 patient described by Brock12 this seems clearly to be the case since severe systemic hypertension had been well documented in the patient's immediate history. He also postulated this mechanism in the other patient described in his report although an elevated arterial pressure had never been recorded. 
